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Background & Aims: Severe acute respiratory syndrome 
(SARS) is a recently emerged infection from a novel 
coronavirus (CoV). Apart from fever and respiratory com- 
plications, gastrointestinal symptoms are frequently ob- 
served in patients with SARS but the significance re- 
mains undetermined. Herein, we describe the clinical, 
pathologic, and virologic features of the intestinal in- 
volvement of this new viral infection. Methods: A retro- 
spective analysis of the gastrointestinal symptoms and 
other clinical parameters of the first 138 patients with 
confirmed SARS admitted for a major outbreak in Hong 
Kong in March 2003 was performed. Intestinal speci- 
mens were obtained by colonoscopy or postmortem 
examination to detect the presence of coronavirus by 
electron microscopy, virus culture, and reverse-transcrip- 
tion polymerase chain reaction. Results: Among these 
138 patients with SARS, 28 (20.3%) presented with 
watery diarrhea and up to 38.4% of patients had symp- 
toms of diarrhea during the course of illness. Diarrhea 
was more frequently observed during the first week of 
illness. The mean number of days with diarrhea was 
3.7 + 2.7, and most diarrhea was self-limiting. Intestinal 
biopsy specimens obtained by colonoscopy or autopsy 
showed minimal architectural disruption but the pres- 
ence of active viral replication within both the small and 
large intestine. Coronavirus was also isolated by culture 
from these specimens, and SARS-CoV RNA can be de- 
tected in the stool of patients for more than 10 weeks 
after symptom onset. Conclusions: Diarrhea is a com- 
mon presenting symptom of SARS. The intestinal tro- 
pism of the SARS-CoV has major implications on clinical 
presentation and viral transmission. 


evere acute respiratory syndrome (SARS) is a newly 
SS. infection characterized by fever and pneu- 
monia. This disease may progress rapidly to acute respi- 
ratory distress syndrome with considerable morbidity 
and mortality. The disease was first identified in the 
Guandong Province of China in November 2002, and a 
major outbreak occurred in Hong Kong in March 


2003.'? The disease then quickly spread around the 
world at an alarming rate in <2 months. As of May 31, 
2003, SARS has been described in 32 countries affecting 
8360 individuals and causing 764 deaths. The overall 
mortality for this illness is about 16% in Hong Kong! 
and can be as high as 43% in elderly patients.* Shortly 
after the description of this disease, a novel form of 
coronavirus, named the SARS-CoV, that does not closely 
resemble any of the 3 previously known groups of coro- 
naviruses was identified to be the causative agent.>© This 
virus can be detected by culture and polymerase chain 
reaction (PCR) from most patients with SARS, and spe- 
cific antibodies against this new virus can also be shown 
in the infected host. Furthermore, a monkey inoculation 
experiment produces similar disease as in humans, ful- 
filling the Koch’s postulate.’ 

The coronaviruses are a diverse group of large, envel- 
oped, positive-stranded RNA viruses. Coronavirus is 
known to cause a wide spectrum of diseases in animals. 
In particular, respiratory and enteric infections are the 
most common presentation. However, it is uncertain 
whether respiratory and enteric coronaviruses in animals 
are distinctive in their genetic sequences. Emerging data 
suggest the differences in the spike protein of the virus 
may underlie the tissue tropism of bovine coronavirus.® 
In humans, there are 2 forms of coronavirus, HCoV-229E 
and HCoV-OC43, that are associated with about 30% of 
mild upper respiratory tract infections. Moreover, human 
coronaviruses or coronavirus-like particles have been 
linked to diarrheal disease in susceptible hosts, including 
patients with acquired immunodeficiency syndrome? and 
children from developing countries.!°!! Early data also 
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linked the coronavirus to necrotizing enterocolitis in 
infants, but the real significance remains undeter- 
mined. !?.13 

Although SARS is characterized by fever and lower 
respiratory tract infection, data from recent outbreaks 
suggest that concurrent gastrointestinal symptoms are 
not uncommon.*!415 In this study, we characterize the 
enteric manifestations of the first cohort of patients with 
SARS in the Hong Kong outbreak? with histologic and 
virologic correlations. 


Materials and Methods 
Patients 


A major outbreak of SARS occurred in the Prince of 
Wales Hospital of Hong Kong in March 2003, affecting more 
than 100 health care workers and hospitalized patients.* This 
is a retrospective study that evaluated the enteric manifesta- 
tions of the first 138 consecutive patients of this cohort. The 
study was approved by the Clinical Research Ethics Commit- 
tee of the Chinese University Hong Kong. 

The diagnosis of SARS was based on the criteria defined by 
the Centers for Disease Control and Prevention and the World 
Health Organization.'®'” Briefly, SARS is defined by the 
presence of fever (38°C or higher), cough, or shortness of 
breath that is associated with new pulmonary infiltrates on 
chest radiography or high-resolution computed tomography in 
the absence of an alternative diagnosis to explain the clinical 
presentation. A history of contact with patients with SARS is 
also required. 

The clinical course of these patients on presentation and 
their subsequent hospital stay, including supplementary oxy- 
gen requirement, admission to the intensive care unit (ICU), 
and need for mechanical ventilation, were recorded. Enteric 
symptoms, particularly diarrhea (defined as passing loose stool 
>3 times per day), were noted. All patients were kept in the 
hospital for a minimum of 21 days from the onset of symptoms 
for public health reasons. 


Microbiologic and Virologic Investigations 


Diagnosis of SARS-CoV infection was performed by 
serology, virus isolation, and detection of viral RNA in naso- 
pharyngeal aspirates. The presence of antibody against coro- 
navirus was detected by indirect immunofluorescent technique 
based on Vero cells infected with SARS-CoV isolated from a 
patient with SARS. Paired sera taken during acute (within 7 
days after the onset of fever) and convalescent (>21 days after 
the onset of fever) phases were tested at serial dilutions starting 
from 1:40. The results were crosschecked by 2 experienced 
technicians. Positive serologic evidence of coronavirus infec- 
tion was defined as having a seroconversion or =4-fold increase 
in antibody titer.'® 

Virus isolation was performed by inoculating samples onto 
multiple cell lines, including rhesus monkey kidney (LLC- 
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MK2), human laryngeal carcinoma (HEp-2), Madin Darby 
canine kidney (MDCK), human embryonic lung fibroblast, 
and African green monkey kidney (Vero) monolayers. All cell 
cultures were incubated at 37°C, except for MDCK and one 
additional LLC-MK2 cell culture tube that were incubated at 
33°C. Cell monolayers were examined daily up to 14 days for 
cytopathic effect. Hemadsorption was performed for MDCK 
and LLC-MK2 cells to detect influenza and parainfluenza 
viruses. When a refractile, diffuse rounding cytopathic effect 
was observed on Vero cell monolayer, the cell culture super- 
natant was passaged to another Vero tube to confirm the 
reproducibility of the cytopathic effect. In addition, the cell 
culture supernatant was used for detection of coronavirus by 
reverse-transcription (RT)-PCR. The SARS-CoV specific 
primers COR-1 (sense) 5’ CAC CGT TTC TAC AGG TTA 
GCT AAC GA 3’ and COR-2 (antisense) 5’ AAA TGT TTA 
CGC AGG TAA GCG TAA AA 3’ were used to detect the 
presence of SARS-CoV RNA.!9 

In patients with diarrhea, stool samples were tested for 
common enteric pathogens (e.g., Salmonella, Shigella, and Esch- 
erichia coli) by culture and for Clostridium difficile enterotoxin. 
Moreover, attempts were made in some patients to detect the 
presence of SARS-CoV in stool. 


Endoscopic and Histologic Examination 


Colonoscopy was performed in one patient with per- 
sistent diarrhea to exclude the possibility of inflammatory 
colitis or other cause of diarrhea. The procedure was performed 
in a negative-pressure room, and the patient was given light 
sedation. Endoscopists and assistants were equipped with pro- 
tective gear, including surgical gloves, eye goggles, a face 
shield, an N95-grade mask, and water-resistant gowns. Endo- 
scopic appearance was noted and random biopsy specimens 
were taken from the colon and terminal ileum for histologic 
examination and viral detection. 

Postmortem examination was performed in 5 patients who 
died from SARS. In addition to examination of the respiratory 
system, macroscopic appearances of the small and large intes- 
tine were noted. All intestinal specimens were fixed in 10% 
buffered formalin and embedded in paraffin for routine histo- 
logic examination. For ultrastructural study, fresh tissues were 
fixed in 2.5% glutaraldehyde in 0.1 mol/L phosphate buffer 
(pH 7.2) and processed for examination by electron micros- 
copy. Fresh tissues were also used for culture of coronavirus as 
previously described. 


Statistics 


All statistics were computed using SPSS software (ver- 
sion 11.0; SPSS Inc., Chicago, IL). Data are presented as 
mean + SD unless specified. Patients with diarrhea and those 
without were compared by unpaired Student ¢ test for numer- 
ical data and x? test for categorical data. A 2-sided P value of 
<0.05 was considered statistically significant. 


October 2003 


NO 
a 
1 


20 - 


. | | Miitatlectves 


123 45 6 7 8 9 10 11 12 13 1415 16 17 18 19 20 21 
Day 


Percentage of patients with diarrhea 


Figure 1. Percentage of SARS patients with diarrhea during the first 
21 days of illness. 


Results 
Clinical Features 


The results of the first 138 consecutive patients 
(65 men and 73 women; 39.3 + 16.8 years) admitted 
between March 11 and March 25, 2003, with the diag- 
nosis of SARS were analyzed. All patients fulfilled the 
Centers for Disease Control and Prevention or World 
Health Organization definition of SARS and had evi- 
dence of SARS-CoV infection either by serology or direct 
detection of virus by culture or RT-PCR in nasopharyn- 
geal aspirates. Specifically, 124 patients (89.9%) had a 
positive serology test, 24 (17.4%) had virus isolated by 
culture, and 12 (8.7%) had viral RNA detected by 
RT-PCR. There were 69 health care workers (50%), 16 
medical students (11.6%), and 53 patients or their rel- 
atives (38.4%) who contracted the disease during a hos- 
pital visit. Twenty patients (14.5%) had coexisting med- 
including diabetes in 5, 
cardiovascular disease in 5, chronic liver disease in 3, 
chronic lung disease in 3, chronic renal failure in 2, and 
myelodysplastic syndrome in 2. 
All patients had fever on presentation, and chest x-ray 
abnormalities were noted in all patients either on admis- 


ical illnesses, mellitus 
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sion or during the subsequent course of the disease. 
Apart from fever, other common presenting symptoms 
included chills and/or rigor (73.2%), myalgia (60.9%), 
cough (57.3%), and headache (55.8%). Among this co- 
hort, 36 patients (26.1%) required care in the ICU and 
21 patients (15.2%) were ventilated. The overall 
3-month mortality was 10.9% (95% confidence interval, 


6.2%-17.3%). 


Gastrointestinal Manifestation 


Watery diarrhea is the most common gastrointes- 
tinal symptom in these patients and was reported in 28 
patients (20.3%) on presentation. Eight patients (5.8%) 
presented with fever and diarrhea in the absence of 
respiratory symptoms. The diarrhea was mainly watery 
in nature without blood or mucus. Abdominal pain was 
minimal in most cases. Of the remaining patients who 
did not report diarrhea on presentation, 25 more patients 
developed symptoms of watery diarrhea during hospital- 
ization. In total, 53 patients (38.4%) had symptoms of 
diarrhea in the first 3 weeks of illness. The distribution 
of patients with diarrhea over this 3-week period is 
shown in Figure 1. Most patients had watery diarrhea in 
the first week of illness. In patients with diarrhea, the 
average (+SD) duration of diarrhea was 3.7 + 2.7 days. 
The severity of diarrhea varied among patients. Most 
patients had a few loose stools per day but some patients 
had up to 30 bowel motions per day, leading to dehy- 
dration and hypokalemia. 

There was no correlation between diarrhea on presen- 
tation with subsequent requirement of supplementary 
oxygen and mortality. However, as shown in Table 1, 
patients who had diarrhea during the course of illness 
had a higher percentage requiring ventilatory support 
(26.4% vs. 8.2%; P = 0.004) and higher admission rate 
to the ICU (49.0% vs. 11.8%; P < 0.001). There was no 
specific identifiable pathogen, including C. difficile toxin, 
detectable in the stool of patients with diarrhea. 


Table 1. Demographic Data and Clinical Features of SARS Patients With or Without Diarrhea 


Patients with diarrhea (%) Patients without diarrhea (%) P 
No. of patients 53 (38.4 85 (61.6 
Male sex 28 (52.8 37 (43.5 0.29 
Mean age + SD (yr) 42.1 + 16.5 37.8 + 16.6 0.13 
Concurrent medical illnesses 11 (20.8 9 (10.6 0.1 
Mean hospital stay + SD (days) 24.0 + 14.6 20.0 + 11.6 0.07 
Use of supplementary oxygen 35 (66.0 44 (51.8 0.21 
Ventilatory support 14 (26.4 7 (8.2) 0.004 
ICU care 26 (49.0 10 (11.8 <0.001 
Death 8 (15.1 7 (8.2) 0.21 
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Figure 3. Histologic and ultrastructural appear- 
ances of the small intestine in patients with SARS- 
CoV infection. (A) Section of the small intestine of 
an autopsy specimen with unremarkable mucosa, 
submucosa, and muscle layer (H&E; original mag- 
nification 40x). (B) Endoscopic ileal biopsy spec- 
imen with no inflammatory process (tangentially 
sectioned, H&E; original magnification 200 x). (C) 
Dilated cytoplasmic vesicles filled with viral parti- 
cles in the small intestine (indicated by red arrow- 
heads). Scattered viral particles were also de- 
tected on the surface microvilli of this surface 
enterocyte (indicated by black arrow). (D) Higher 
magnification of a virus-containing vesicle. 
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Figure 2. Histologic and ultrastructural appear- 
ances of the colon in a patient with SARS-CoV 
infection. (A) Endoscopic colonic biopsy speci- 
mens with scattered lipofusin-ladened macro- 
phages in the lamina propria indicative of melano- 
sis coli. The macrophages are indicated by the red 
arrows, and there were no significant inflammatory 
cell infiltrates (H&E; original magnification 200). 
(B) Dilated cytoplasmic vesicles, which were con- 
sistent with dilated endoplasmic reticulum, were 
seen toward the apical cytoplasm (indicated by red 
arrowheads) and some were filled with viral parti- 
cles. Anumber of viral particles were also seen on 
the surface microvilli (indicated by black arrows). 
(C) Higher magnification of the virus-containing 
vesicles. The viral particles had mild variation in 
size and ranged from 60 to 90 nm in dimension, 
which is consistent with coronavirus morphologi- 
cally. (D) Viral particles were detected on the lumi- 
nal surface of the enterocytes. Some viral particles 
appeared to attach onto the microvilli, whereas 
some appeared to be detached from the cell. 
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Histologic and Virologic Findings 


Colonoscopy was performed on day 13 after symp- 
tom onset in one patient with diarrhea. The colonic 
mucosa and terminal ileum looked normal on endoscopy. 
Microscopically, biopsy specimens taken from the colon 
and terminal ileum showed normal architecture with no 
evidence of villous atrophy, inflammatory infiltrates, bac- 
terial invasion, viral inclusion, or granuloma (Figure 2). 
Postmortem examinations were performed in 5 patients 
who died from SARS. Again, there was no specific 
change on gross examination and light microscopy apart 
from autolytic changes. 

By electron microscopy, viral particles (60-90 nm in 
size) that were consistent with coronavirus were detected 
in all 5 small intestine tissues obtained on autopsy as 
well as the terminal ileal and colonic biopsy specimens 
obtained on colonoscopy (Figures 2 and 3). Viral parti- 
cles were confined to the epithelial cells, primarily in the 
apical surface enterocytes and rarely in the glandular 
epithelial cells. Intracellularly, viral particles were con- 
tained within dilated cytoplasmic vesicles consistent 
with dilated endoplasmic reticulum. The vesicles con- 
taining the viral particles were often seen toward the 
apical cytoplasm. Clusters of coronavirus were also de- 
tected on the surface microvilli, which may suggest virus 
leaving from the luminal surface of enterocytes. There 
was no evidence of villous atrophy despite viral adhesion 
and colonization. 

SARS-CoV was isolated by culture in the small intes- 
tinal tissues of 5 patients: 4 obtained from autopsy and 
one from colonoscopy. The one with negative viral cul- 
ture also had virus RNA detected by RT-PCR. On the 
other hand, coronavirus could only be recovered from the 
postmortem lung tissues in 2 patients and not in other 
organs sampled. 

An attempt was made to detect SARS-CoV in the 
stool of some patients. The overall detection rate of 
SARS-CoV RNA in stool specimens by RT-PCR was 
16%, which was comparable to the detection rate in 
nasopharyngeal aspirates. Moreover, prolonged fecal 
shedding of viral RNA is common. The longest period in 
which viral RNA can be detected in a stool sample was 
up to 73 days after symptom onset in one patient. 
However, none of the patients had successful virus iso- 
lation from stool samples. 


Discussion 


SARS was first described by Dr. Urbani of the 
World Health Organization in March 2003. It is gener- 
ally considered a disease of the lower respiratory tract 
transmitted by droplet. However, results from this study 
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suggest that enteric involvement is common in SARS, 
which may carry paramount implications on disease 
manifestation, mechanism of spread, and infection-con- 
trol measures. 

In this study, we show that about 20% of patients had 
watery diarrhea on presentation. In fact, some patients 
presented with fever and diarrhea only before onset of 
respiratory symptoms. Overall, 38% of patients had di- 
arrhea during the course of illness. The mean duration of 
diarrhea was 3.7 days, and most cases of diarrhea sub- 
sided spontaneously. It is possible that diarrhea in some 
of our cases is related to the use of antibiotics at the early 
phase of treatment. However, routine bacteriologic cul- 
ture and detection of C. difficile toxin failed to identify 
any other culprit for diarrhea. Also, many patients who 
presented with fever and diarrhea had no prior exposure 
to antibiotics. 

In line with our findings, diarrhea was also reported in 
2 other SARS cohorts. In the Toronto outbreak, 23.6% 
of the 144 patients had diarrhea on presentation.'> Peiris 
et al. report that up to 70% of their 75 patients in the 
community outbreak from Hong Kong developed watery 
diarrhea, although the frequency of patients with diar- 
rhea on admission was not provided.'4 In their study, the 
mean duration of diarrhea was 4 days, which is similar to 
our findings. The higher prevalence of diarrhea in their 
report when compared with our data is postulated to be 
linked to the different modes of transmission. Our cohort 
was believed to be infected by droplet transmission, 
whereas the community outbreak reported by Peiris et al. 
was linked to the faulty sewage system in an apartment 
complex in which fecal-oral transmission might be a 
major route of transmission.?° 

In addition, this study shows the tissue tropism of 
SARS-CoV in the intestinal tract. Although coronavirus 
affects both the respiratory and intestinal tract in ani- 
mals, this is the first report to show the presence of active 
viral replication in the small and large intestine of pa- 
tients with SARS. Despite a relatively normal endoscopic 
and microscopic appearance, the presence of coronavirus 
in the large and small bowel can be shown by both 
electronic microscopy and viral culture. There was also 
evidence of active viral replication in intestinal cells with 
accumulation of virus inside endoplasmic reticulum and 
possibly leaving of virus from the apical membrane of the 
enterocytes. Moreover, small bowel biopsy specimens 
obtained from postmortem examination, which is usually 
performed a few days after the death of patients, still 
yielded viable SARS-CoV. In contrast, SARS is associ- 
ated with epithelial cell proliferation and an increase in 
macrophages in the lung.?! It is suggested that cytokine 
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dysregulation plays an instrumental role in the determi- 
nation of severity of lung disease. However, the current 
study shows that there was only minimal disruption of 
intestinal cells by the virus despite the tropism. Given 
the minimal destruction of enterocytes, diarrhea associ- 
ated with SARS-CoV infection may be more related to 
proteins or toxins produced during viral replication than 
malabsorption or inflammation. 

Notably, the culture yield from the small intestine 
was even higher than that of specimens obtained from 
lung tissues, which is generally believed to be the prime 
target organ of this virus. All other organ tissues ob- 
tained during autopsy did not have viable virus recov- 
ered. By molecular diagnostic method, the detection 
rates of viral RNA from stool and nasopharyngeal aspi- 
rate samples were comparable in our study. On the other 
hand, our detection rate of viral RNA in nasopharyngeal 
aspirate was lower than the 32% reported by Peiris et 
al.'4 The difference may be accounted for by the differ- 
ences in primer sequences and the timing of obtaining 
these specimens. Despite this, all of these data favor the 
intestinal tropism of SARS-CoV. From the virologic 
point of view, this intestinal tropism is unusual because 
most diarrhea-associated viruses (e.g., rotavirus, calicivi- 
rus, enteric adenovirus, Norwalk virus) are nonenvel- 
oped. Viruses without envelope are generally more resis- 
tant and have a better chance of survival in the intestinal 
tract. The intestinal tropism of SARS-CoV raises the 
question of whether this virus is more resistant to dis- 
infection than other enveloped viruses. 

Although diarrhea on presentation was not associated 
with oxygen requirement and overall mortality of these 
patients, patients with diarrhea had higher rates of ad- 
mission to the ICU and intubation. Given the many 
potential confounding factors complicating diarrhea in 
these patients with prolonged hospitalization, this asso- 
ciation should be interpreted with caution. However, 
routine bacteriologic culture and detection of C. difficile 
toxin failed to identify any other culprit for diarrhea. 
Further studies are necessary to determine whether in- 
testinal viral load has any correlation with enteric man- 
ifestation and, more importantly, the clinical outcome of 
these patients. 

Another important issue relating to the intestinal 
tropism is the shedding of viral RNA in stool. Peiris et 
al. reported that the virus can be detected by RT-PCR in 
the stool samples of all 20 patients with positive naso- 
pharyngeal aspirates at day 10 after onset of symptoms. '4 
At day 21, 67% of these initially positive patients still 
had viral RNA detected in stool samples. Our data 
further showed that virus can be detected by PCR in 
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stool for up to 73 days from symptom onset in a patient, 
which may have substantial implications on infection 
control. Although viable virus is not recovered from stool 
samples, the question of whether stool remains a poten- 
tial source of the virus in recovering or even recovered 
patients deserves further evaluation. It is also imperative 
that strict precautions be used in handling the excreta of 
these patients in addition to routine droplet and formite 
precautions to minimize the risk of viral transmission. 
With the high viral load in the intestinal tract, the 
potential risk to the endoscopist performing colonoscopy 
in patients with SARS is considerable if barrier precau- 
tion is not strictly enforced. 

Our data support the intestinal tropism of SARS virus, 
and diarrhea is a common presenting symptom of this 
emerging infection. In addition to the call for increasing 
awareness for this atypical presentation, the findings of 
this study open up a new area for future research on this 
important virus. Understanding of the tissue tropism of 
SARS-CoV on intestinal cells may also help to elucidate 
the pathogenetic mechanism of this virus and possibly 
help in the development of novel antiviral therapy. 
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